Searching P.$J 



http://wvw19jpdljpo.gojp/PA^ 



PATENT ABSTRACTS OF JAPAN 





(1 1 publication number : 


06-283813 


t : - — 


(43)Date of publication of application : 


07.10.1994 


(51)Int.CL 

j . .. . 




HOIS 3/18 




(21) Application number : 


05-071791 


(71) Applicant : 


OKI ELECTRIC IND CO LTD 


(22)Date of filing : 

i i .... . ..... 


30.03.1993 


(72)Inventor : 


TSUBOTA TAKASHI 



(54) FABRICATION OF DIFFRACTION GRATING 

(57)Abstract: 

PURPOSE: To realize a diffraction grating having two uniform diffraction 
grating patterns in two regions on the surface of a semiconductor substrate by 
exposing one photoresist layer to an electron beam while the other photoresist 
layer to ultraviolet rays. 

CONSTITUTION: A photosensitive photoresist layer 2 is formed on a 
semiconductor substrate 1 and a photoresist layer 3 sensitive to electron beam 
is formed thereon. The photoresist layer 3 is then exposed to an electron beam 
and removed selectively thus exposing one surface of the photoresist layer 2. 
The semiconductor substrate 1 then inclined and the surfaces of the photoresist 
films 2, 3, exposed by two beam interference exposure, are exposed in 
diffraction grating pattern. The photoresist film 3 is then removed and the 
pattern is removed selectively by etching thus forming a diffraction grating 
pattern of photoresist. This method allows formation of a uniform etching 
pattern of photoresist layer thus allowing formation of a diffraction grating 
region for imparting a different phase to a transmitted light on the surface of a 
semiconductor substrate. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** 5^0^ tn e word which can not be translated. 
3. In the drawings, any words are not translated. 



2 * NOTICES * 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture method of a diffraction grating, especially the suitable 

diffraction grating for semiconductor laser. 

[0002] 

[Description of the Prior Art] In the class of semiconductor laser element, there is a luminescence laser element with a diffraction 
grating which has the filtering function which chooses the light of predetermined wavelength from a luminescence beam. Such 
conventionally ] a manufacture method of the diffraction grating for luminescence laser elements is indicated by 
JP,61-289688,A. According to the manufacture method of the diffraction grating by this conventional technical reference, after a 
photoresist film and a dielectric film form on a compound semiconductor substrate, ultraviolet-rays exposure of the dielectric 
film is carried out through a mask. Then, in order to form two interference draft fields in the compound semiconductor substrate 
surface, this dielectric film is alternatively removed by etching. In this case, since the photosensitivity to the ultraviolet rays of a 
photoresist film is lower than that of a dielectric film a single figure, it hardly exposes. Then, after making a semiconductor 
substrate incline and carrying out interference exposure, a photoresist is developed in order to obtain the interference draft 
pattern of a photoresist. The diffraction grating which has the interference draft pattern of two fields is formed by etching the 
surface of a compound semiconductor substrate by using the obtained photoresist pattern as a mask 
[0003] 

[Problem(s) to be Solved by the Invention] However, according to the manufacture method of the above-mentioned diffraction 
grating, the thickness of a dielectric film was thick, and since the exposure time became long when a photoresist film had the 
sensitization property of a positive mold, there was a case where a photoresist film was exposed. Moreover, since the dielectric 
film had also left the sensitization property at the time of interference exposure when a dielectric film was a positive mold, there 
was a case where a photoresist was not fully exposed. 

[0004] The purpose of this invention is to offer at homogeneity the manufacture method of two diffraction gratings which carry 

out diffraction-grating Pan ** to two fields of the surface on a semiconductor substrate 

[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, a manufacture method of a diffraction grating 
this invention forms the 1st photoresist layer exposed in light on a semiconductor substrate. The 2nd photoresist layer exposed to 
an electron beam is formed on the 1st photoresist layer. Expose the 2nd photoresist layer with an electron beam, remove the 2nd 
photoresist layer alternatively, and the 1 surface of the 1st photoresist layer is exposed. The surface of said 1st photoresist film 
which inclined a semiconductor substrate and was exposed using the 2 flux-of-light interference exposing method, and the 2nd 
resist film is exposed in the shape of a diffraction-grating pattern. After removing the 2nd photoresist film, etching removal of 
the 1st photoresist pattern is carried out alternatively. A diffraction-grating pattern of the 1st photoresist is formed, and by using 
a diffraction-grating pattern as a mask, the surface of a semiconductor substrate is removed alternatively and it is characterized 
by consisting of a production process which forms a diffraction grating in the surface of a semiconductor substrate 
[0006] 

[Function] Since according to this invention one photoresist layer is exposed with an electron beam and the photoresist layer of 
another side was exposed by ultraviolet rays after forming the two-layer photoresist layer formed in the surface of a 
semiconductor substrate, both photoresist layers are not influenced according to an exposure production process. Therefore, the 
photoresist layer which has two uniform diffraction-grating patterns can be formed in the semiconductor substrate surface. Two 
diffraction-grating pattern spaces which give by this a phase which is different to the transmitted light on the semiconductor 
substrate surface can be formed in high degree of accuracy 
[0007] 

[Example] Drawing 1 is an example which shows the manufacture method of the diffraction grating by this invention. 
[0008] In the production process of drawing 1 (a), the compound semiconductor substrate 1, for example, an InP semiconductor 
substrate, is prepared. Next, the photoresist layer 2 with a thickness of 500A is formed in the surface on two kinds of this 
semiconductor substrate 1 of diffraction-grating formation fields by spin coating. The material of a photoresist layer 2 is an 
object for optical exposure (for example, ultraviolet-rays exposure), for example, is micro POJITTO (trade name). Then, the 
photoresist layer 3 with a thickness of 1mm for electron beam exposure is formed in the surface of a photoresist layer 2. 
Polymethylmethacrylate (PMMA) is suitable for a metaphor as this photoresist material for electron beams. In order to expose 
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lo^^^ist layer 2, after a dose exposes a photoresist la^^a 
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the predetermined surface of a photWfsist layer 2, after a dose exposes a photoresist \a^K alternatively with the electron beam 
of about 600rnicroC, etching removes the exposure section. 
[0009] In the production process of drawing 1 (b), the 2 flux-of-light interference exposing method the InP semiconductor 
substrate 1 obtained according to the before production process used Ar laser is enforced. In this production process, as for the 
InP semiconductor substrate 1, interference exposure of the surface of the photoresist layer 2 on the semiconductor substrate 1 is 
carried out for about 30 seconds by Ar laser beam about 15 inclinations are given and are [ laser beam ] the wavelength of 
3 63 8 A. A photoresist layer 2 is exposed in the shape of a regulation pattern by this interference exposure. Therefore, since the 
refracted light reaches the photoresist layer 2 which exists under a photoresist layer 3, in the photoresist layer 2 in which a 
photoresist layer 3 exists, and the photoresist layer 2 not existing, it is exposed in the shape of [ which the phase shifted ] a grid 
pattern. 

[0010] In the production process of drawing 1 - c, after an etching reagent removes a photoresist layer 3, the grid pattern 4 of a 
photoresist layer 2 is formed by developing a photoresist layer 2. 

[001 1] In the production process of drawing 1 (d), the grid pattern 4 of the InP substrate 1 obtained at the before production 
process is used as an etching mask, and in this substrate 1, if it soaks in a bromine system etching reagent, the diffraction grating 
5 whose period of the diffraction-grating pattern 4 is 2400A will be formed in the surface of the InP substrate 1. Thereby, two 
diffraction-grating fields where shift amounts differ can be formed on the InP semiconductor substrate 1 simultaneous at 
homogeneity. 
[0012] 

[Effect of the Invention] Since the manufacture method of the diffraction grating by this invention exposes one photoresist layer 
with an electron beam and exposed the photoresist layer of another side by ultraviolet rays after it formed the two-layer 
photoresist layer in the surface of a semiconductor substrate as explained above, both photoresist layers are not influenced 
according to an exposure production process. Therefore, the uniform etching pattern of a photoresist layer can be formed. The 
diffraction-grating field which gives a different phase to the transmitted light by this can be formed in the semiconductor 
substrate surface. 
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